No accurate description of the red and infrared portion of the arc spectrum of silicon has been published in the 40 years that have elapsed since Rowland's work which terminated at 5,948 A. In this paper, wave lengths are given for 130 new lines between 6,125 and 11,290 A, many of which are present in the solar spectrum, including the strongest hitherto unidentified Fraunhofer line. More than 50 percent of these lines have been classified as combinations between new terms and terms already established for Si I. The new terms arise from the electron configurations containing the 4p, 4/, and 5/ electrons. CONTENTS 775
From this work, which gave the salient features of the term structure of Si I, it appears that no extension of our knowledge of the spectrum has been made into the red and infrared beyond the longest wave length, 5,948.5 A observed by Rowland 40 years ago. 2 However, Fowler's analysis indicated that several groups of prominent lines were to be expected in this region. It is true that McLennan and Shaver 3 published a list of red and infrared lines purporting to be characteristic of the arc spectrum of silicon, but none of them, except possibly three, appear to belong to this element.
Exploration of the arc spectrum of silicon into the red and infrared, as far as photographic methods would permit, was begun more than 17 years ago at the Bureau of Standards. The material used as electrodes in the arc was fused silicon, about 90 percent pure, in the form of rough lumps. However, this material emitted the spectra of iron, titanium, vanadium, zirconium, calcium, barium, and other impurities, with such prominence that only a few of the remaining unidentified lines could, with certainty, be ascribed to silicon. These were identified with solar absorption lines by Meggers 4 in his extension of the sun's spectrum to 9,000 A. i Proc. Roy. Soc. (London), vol. A, 123, p. 422, 1929. 2 Phil. Mag., Series 5, vol. 36, p. 49, 1893. a Trans. Roy. Soc. (Canada), series III, vol. 18, p. 21, 1924 . * Publ. Allegheny Observatory, vol. 6, p. 13, 1919 Bureau of Standards Journal oj Research [Vol u In the meantime, our knowledge of spectra in the red and near infrared has increased to such a state of completeness that it is now possible to eliminate from an unknown spectrum the lines due to the metallic impurities in the source. Furthermore, with a fairly complete term analysis of a spectrum, such as Fowler has made for Si I, it is possible to test new lines for their relationship with it.
The discovery, about 2 years ago, at the Eastman Kodak Laboratories, of new photo-sensitizing materials that have greatly extended the range and increased the speed of plates suitable for infrared photography, has made it desirable to examine again the spectrum emitted by silicon in this region. The properties of these new sensitizers, named mesocyanin and xenocyanin, have been described by Mees. 6 They have their maximum sensitizing power at 8,600 and 9,700 A, respectively, but xenocyanin is effective throughout a broad band extending from 9,000 to nearly 12,000 A.
II. APPARATUS AND METHODS
The observations were made with two grating spectrographs equipped with 21-foot concave gratings, ruled with 7,500 and 20,000 lines per inch, and a plane grating ruled with 20,000 lines per inch.
The three instruments give dispersions in the first order spectrum of 10.4, 3.5, and 2.7 A/mm, respectively. For wave lengths longer than 9,000 A only the spectrograph with the small dispersion was used; for wave lengths shorter than 9,000 A all three instruments were used.
In every case, exposures to the silicon arc were accompanied by exposures to the iron arc to furnish standard wave lengths in either the first or second order for use in the wave length determinations.
The light source was the arc in air between lumps of the same fused silicon as was used in the work of 17 years ago. The arcs carried currents ranging from 6 to 16 amperes supplied by 220-volt dc mains. It was found that, with lumps of silicon weighing 10 g or less and with currents under 10 amperes, it was necessary to restrike the arc every minute or two. With heavier lumps, 50 g or more in weight, the arcs burned steadily for periods up to one half or three fourths hour.
Craters of glassy silica formed over the surface of the electrodes so that when the arc went out, it could not be struck again until the glaze was broken off.
As stated above, all the recent observations have been made on the new types of plates produced by the Eastman Kodak Laboratories.
Before exposure, the plates were hypersensitized in an ammonia bath, then rinsed in alcohol, and dried rapidly in a current of air.
To record the silicon arc spectrum as tabulated below, exposure times ranging from 1 to 4 hours were required. The plates were measured and reduced according to our usual practice, the reference lines of the iron arc being those adopted as secondary standards by the International Astronomical Union. 6 No measurements of the lines between 3,905 and 5,948 A appear to have been made on the international wave-length scale since those of Fowler, 7 who « J. Optical Soc. Am., vol. 21, p. 753, 1931; vol. 22, p. 204, 1932; vol. 23, p. 229, 1933. e 
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reported three new lines in the yellow. These lines have been remeasured on the high-dispersion plates made in this investigation and the results, incorporated in table 1, are described below.
III. RESULTS
The new wave lengths of the silicon arc spectrum are given in table 1.
Most of the lines are not sharp and some are asymmetrical, being shaded toward the red or the violet. These qualities are indicated in the second column of the table by the letters, h, I, and v, respectively, following the intensity. The letter b indicates a broadening of the line, which, however, is not sufficient to impart the appearance of diffuseness. All the other lines are sharp.
Comparison of the wave lengths of table 1 with the solar lines in the Revision of Rowland's Preliminary Table 8 and with Babcock's list of Temporary Standards in the Infrared Solar Spectrum 9 shows that all the intense silicon lines, and many of the fainter ones, are in the sun's spectrum. These include the line at 6,155 A, the strongest hitherto unidentified solar line. In general, the laboratory wave lengths are longer than the solar values. For the fines in the yellow, which are relatively sharp and can be measured more accurately than the diffuse and unsymmetrical red lines, the mean shift is + 0.04 A. For the red lines it is + 0.12 A. Part of these shifts may be the result of pressure and probably Stark effects in the source, the arc in air; but in the case of the red lines the measurements are affected in many instances by blending of strong multiplet fines with very close and fainter satellites.
The wave lengths of the infrared lines beyond 10,000 A are systematically shorter than the solar lines by 0.06 A.
These lines were measured only on plates taken with the low-dispersion grating and the difference between their wave lengths and the solar values may be accounted for by difference in scale between the two sets of measurements. 
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The classified lines of table 1 arise from combinations of new terms with those of Fowler's 4s, 6s, 5p, and 3p' groups. In table 2, which is abstracted from a similar table given by Fowler, are set forth the terms to be expected theoretically for the various electron configurations of the neutral silicon atom. Concerning the terms of the Ap group, he states that "the principal combinations . . . are outside the range of the observations in the infrared." These have now been established by the group of strong infrared lines between 10,000 and 11,000 A, representing the transition 4^?->4s. Only the termŝ Pi, 4jo 3 Di, and 4^> 3 P are uncertain, the others being verified through intersystem combinations or combinations with terms from the ns configurations. on his term scale. The parallel group of terms in Ge i has been assigned to the Ad electron by Rao 10 who has established the 3 F°t erm through its combination with the ground term 4^> 3 P. Corresponding lines of Si i have not been found, although the ultraviolet from 1,950 A to 3,000 A has been resurveyed with the grating and Hilger E 1 spectrographs of the Bureau of Standards. Further attempts to establish the 3 F°term through its combinations with terms of the nf configurations have also proved unsuccessful, although it is probable that the strong, unclassified lines at 7,918, 7,932, and 7,943 A may represent its combination with 4/ 3 G.
Fowler gives three terms, 3 D?, 3 P and *S of the 5p configuration, of which 3 P is verified in this investigation, through its combinations with 3d 3 D°and 3d 2 D°. It has not been possible to verify 3 D?, in [Vol. u terms of the nf configurations have been determined from their combinations with the 3d terms and from consideration of their behavior in forming series. Table 4 shows the effective quantum numbers or Rydberg denominators of the new terms. All the series are satisfactorily represented by the Rydberg formula with the exception of the nf 3 F 4 terms, which, however, would satisfy the formula if their limit were 2 P 1/2 instead of 2 P 3/2 of Si n. In this case, the effective quantum numbers would be 3.9658 and 4.9604, respectively. The probable origin of the strong lines 7,918, 7,932, and 7,943 A was mentioned above. There are two other groups of diffuse lines which are apparently related through a common term involving the separations 106.5 and 81.1 cm-1 .
The strongest lines of these groups are at 7,680.48 A and 8,648.54 A. Roth appear as absorption lines in the sun's spectrum, although the former as a solar line, is much too strong to be due solely to manganese to which it is ascribed.
In conclusion it may be pointed out that much yet remains to be found out about Si 1, but that progress will most likely be made with a source different from the arc in air.
